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Objectives This study sought to evaluate the effects of stepwise catheter ablation of chronic atrial fibrillation (AF) on atrial
electrical and mechanical properties.
Background Although stepwise catheter ablation of chronic AF is associated with acute arrhythmia termination and a favor-
able clinical outcome, atrial tissue damage following the procedure has not been evaluated.
Methods Forty patients who had previously undergone catheter ablation of chronic AF were studied. In the index proce-
dure, termination of AF was achieved by catheter ablation alone in 36 of 40 patients (90%). Electroanatomical
mapping was performed in sinus rhythm 1 month after the index procedure, during which the surface area of
scar (bipolar voltage of 0.05 mV), low-voltage tissue (0.5 mV), and atrial propagation were evaluated. Left
atrial (LA) mechanical function was assessed by transthoracic echocardiography.
Results Electroanatomical mapping showed areas of scar and low-voltage accounting for 31% 12% and 32%  17% of the
total LA surface area respectively, with the ablated pulmonary vein region accounting for 20% 4% of the LA surface
area. The area of scar outside the pulmonary vein region represented 14% 12% of the LA surface area using the
initial randomized ablation strategy, and 6% 8% (p  0.02) using a specific ablation strategy. Atrial conduction was
diversely affected by ablation with a wide range of LA conduction times observed (range 100 to 360 ms). The LA con-
traction was shown in all patients by the presence of late diastolic mitral flow (37 15 cm/s) and a mean LA active
emptying fraction of 18  11%. At 9  5 months of follow-up, 39 patients (98%) were in sinus rhythm.
Conclusions Stepwise ablation achieving sinus rhythm in patients with chronic AF has a significant impact on LA electrical
activity but is associated with recovery of LA function. (J Am Coll Cardiol 2007;49:1306–14) © 2007 by the
American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.11.033s
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Satheter ablation of atrial fibrillation (AF) can eliminate
trial arrhythmias leading to improvements in left atrial
LA) and left ventricular (LV) function and also quality of
ife (1–4). Various ablation techniques to modify atrial
ubstrates in addition to pulmonary vein (PV) isolation have
een proposed for treatment of long-lasting AF (5–7). A
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006, accepted November 19, 2006.tepwise ablation approach combining multiple atrial and
enous targets is capable of restoring sinus rhythm in chronic
F without pharmacological or electrical cardioversion and is
ssociated with a favorable clinical outcome (8). However, this
echnique may damage extensive areas of the atrial myocar-
ium, potentially resulting in loss of LA mechanical function
nd alteration of interatrial/intra-atrial conduction (7,8), in
ontrast to conventional ablation strategies deploying a stereo-
ypic lesion set at specific anatomical structures (5,6,9–11).
The goal of the present study was to evaluate the impact
f an extensive ablation strategy for chronic AF on the
urface area of scar/low-voltage tissue, atrial propagation
uring sinus rhythm, and overall LA mechanical function.
ethods
tudy population. The study was composed of 40 of 120
onsecutive patients (33%) with symptomatic and drug-
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March 27, 2007:1306–14 Effects of Stepwise Ablation of CAFefractory chronic AF who had undergone previous catheter
blation. Electroanatomical mapping was performed during
inus rhythm 1 month after the index procedure (5  3
onths). In 29 patients, electroanatomical mapping was
erformed during a repeat ablation procedure for recurrent
rrhythmias (paroxysmal AF/atrial tachycardia [AT] 8,
ersistent AF 0, persistent AT 21). The remaining 11
atients presented with symptomatic atrial ectopic beats and
nderwent an electrophysiological study. Baseline charac-
eristics of the studied patients are presented in Table 1. All
atients gave written informed consent to the study proto-
ol, which was approved by our institutional review board.
atheter ablation. The index procedural end point was
estoration of sinus rhythm without antiarrhythmic drugs or
lectrical cardioversion. If AF was converted into AT,
apping and catheter ablation of subsequent AT was
erformed. The AT was defined as an organized atrial
hythm with a monomorphic P-wave and consistent endo-
ardial activation sequence in both atria.
The techniques of catheter ablation performed in the
ndex procedure have been presented elsewhere (8). In brief,
blation was performed using a 3.5-mm irrigated-tip abla-
ion catheter (Biosense-Webster, Diamond Bar, California)
t the following sites. (i) The PV isolation was performed
ith the end point of the abolition or dissociation of
ctivities in all PVs. (ii) The superior vena cava (SVC) was
solated using the same technique and end point as used for
V isolation. If AF was terminated before targeting the
VC, the SVC was not ablated. (iii) The coronary sinus
CS) region was targeted first from the LA endocardium
ordering the mitral annulus (inferior LA along the CS)
nd within the vessel if local rapid activities persisted. The
nd point was significant slowing of CS activity. (iv) Atrial
blation was performed at all sites showing any of the
ollowing electrogram features: continuous electrical activ-
ty, complex and fractionated electrograms, a gradient of
ctivation (a temporal gradient of at least 70 ms between the
istal and proximal bipoles on the map electrode, potentially
epresenting a local circuit), or shorter cycle length activity
ompared with the left atrial appendage (LAA). The end
oints of atrial ablation were conversion of continuous or
aseline Characteristics of Patients (n  40)
Table 1 Baseline Characteristics of Patients (n  40)
Age (yrs) 54 9
Gender (male/female) 35/5
Structural heart disease (%) 17 (43)
Median duration of AF (months) 72 (range 7–360)
Median duration of persistent AF (months) 12 (range 1–168)
Echocardiographic data before the index procedure
LVEF before the index procedure (%) 58 16
LA dimension before the index procedure (mm)
Parasternal 46 8
Longitudinal 59 9
Transverse 46 8eF  atrial fibrillation; LA  left atrium; LVEF  left ventricular ejection fraction.ractionated electrograms to dis-
rete electrograms, loss of activa-
ion gradient (organization of ac-
ivity), or prolongation of local
ycle length until similar to or
reater than that recorded in the
AA. (v) Linear ablation was
erformed at the cavotricuspid
sthmus, the LA roof, and the
itral isthmus. The end point of
inear ablation during AF was
ignificant reduction or abolition
f local electrograms. After res-
oration of sinus rhythm, addi-
ional ablation was performed
ntil completion of conduction block as described elsewhere
5,6). In patients with persistent AF after steps (i) to (v)
nclusive, ablation was performed in the right atrium (RA)
n the same manner as used in step (iv).
In the initial 70 consecutive patients, PV isolation, SVC
isconnection, CS ablation, and atrial ablation in the LA
ere performed in a randomized sequence followed by
inear ablation and atrial ablation in the RA until AF was
erminated (randomized ablation strategy). Based on the
esults of a previous study (8), ablation was performed in a
pecific sequence in the last 50 consecutive patients as follows:
V isolation and roof line ablation were performed first,
ollowed by CS and atrial ablation (specific ablation strategy).
he SVC disconnection was performed optionally if the local
ycle length was shorter than elsewhere in the RA.
Twenty-five and 15 patients underwent the randomized
nd specific ablation strategies, respectively. Termination of
F was defined as restoration of sinus rhythm or conversion
nto AT, and was achieved by catheter ablation alone in 36
f 40 patients (90%).
lectrophysiological study. All patients received antiar-
hythmic drugs for 2 months after the index procedure, and
iscontinued these drugs 5 half-lives before the study.
miodarone was being taken by 11 patients (28%) at the
ime of the study.
The surface electrocardiogram and intracardiac electrograms
ere measured at a sweep speed of 100 mm/s using a digital
mplifier/recording system (Bard Electrophysiology, Lowell,
assachusetts). A single bolus of 50 IU/kg of heparin was
dministered after the transseptal puncture. For endocardial
apping, a 6-F quadripolar catheter (Xtrem, ELA Medical,
ontrouge, France) was positioned in the CS. Electroana-
omical mapping of the LA and/or RA using the Carto
ystem (Biosense-Webster) was performed during either
inus rhythm (LA 36, RA 24) or pacing at a cycle length of
00 ms from the CS, LAA, or RA appendage (LA 4, RA 2)
hen ectopic beats were present.
The earliest activation site in the sinus node region was
istinguished as multicentric or unicentric pacemaker activity.
ulticentric pacemaker activity was defined as the presence of
Abbreviations
and Acronyms
AF  atrial fibrillation
AT  atrial tachycardia
CS  coronary sinus
LA  left atrium
LAA  left atrial
appendage
LV  left ventricle
PV  pulmonary vein
RA  right atrium
SVC  superior vena cavaarliest activation sites separated by 10 mm with an activa-
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Effects of Stepwise Ablation of CAF March 27, 2007:1306–14ion time difference of 5 ms (12). Unicentric pacemaker
ctivity was defined as the presence of localized earliest activa-
ion site surrounded by sites with an activation time difference
f 5 ms.
Interatrial and intra-atrial conduction times were evalu-
ted by duration from onset of P-wave to earliest and latest
ctivation time in the LA.
Electrically silent areas (scar) were defined as those with
bsence of recordable activity or a bipolar voltage amplitude
0.05 mV; low-voltage areas were defined as those with
ontiguous areas 0.5 mV on bipolar voltage maps, as
eported elsewhere (12,13). Mean bipolar voltage of the
hamber was calculated from all acquired points including
hose displaying electrical silence. Higher-density mapping
as performed to evaluate scar/low-voltage areas; the loca-
ion of scar/low-voltage tissue was described and the per-
entage of LA surface area occupied by this tissue was
etermined. For the purpose of analysis, the LA was divided
nto 8 regions: the PV, LAA, anterior LA, LA roof, septal
A, posterior LA, inferior LA, and lateral LA. Atrial tissue
.5 to 1.0 cm from the PV ostia was included within the PV
egion. The posterior LA approximated a square, the
orners of which were defined by the 4 PV orifices. The LA
oof was defined as a band of 1 to 2 cm between the superior
Vs, which separated the posterior LA from the anterior
A. The anterior LA extended from the LA roof to the
uperior mitral annulus. The inferior LA extended from the
ower aspect of the 2 inferior PV ostia to the inferior mitral
nnulus. The lateral LA was defined as atrial tissue between
Figure 1 Electroanatomical Mapping of the Right Atrium Displa
(A) Unicentric pacemaker activity is observed in the midposterior right atrium 28 m
from the junction of the superior vena cava. (B) Purple represents bipolar voltageshe posterolateral mitral annulus (4 o’clock) and the lower
ip of the LAA.
ollow-up and echocardiograms. Patients were hospi-
alized for 1 day at 1, 3, 6, and 12 months after the
rocedure for clinical review and ambulatory monitoring.
ntiarrhythmic drugs were administered for 2 months
fter the index procedure. If tachyarrhythmia was not
bserved during this period, these antiarrhythmic drugs
ere discontinued.
Transthoracic echocardiography was performed 1
onth after the electroanatomical mapping, by which time
ersistent recurrent arrhythmias were eliminated and stable
inus rhythm was restored. Pulsed Doppler gains were
djusted to provide a smooth velocity distribution without
ntroducing noise at a 100-mm/s sweep speed. All measures
ere acquired in sinus rhythm and stored on magnetic optical
isks for offline analysis with a customized software package
Echopac, GE Medical Systems, Horten, Norway). The LA
olumes at P-wave onset and end-systolic volume were calcu-
ated using the electrocardiogram as a timing reference. The
A active emptying volume and LA active emptying fraction
ere then derived. Late diastolic peak velocity (peak A-wave
elocity) was measured from the apical 4-chamber view in
atients in whom sinus rhythm was maintained, with the
ample volume placed at the tip of the mitral leaflets by
veraging 3 consecutive cycles. The LA filling fraction was also
alculated from time velocity integral of mitral flow (3).
eproducibility of the aforementioned measurements has been
eported elsewhere (3).
Activation Time and Bipolar Voltages
0.5 mV.ying
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March 27, 2007:1306–14 Effects of Stepwise Ablation of CAFtatistical analysis. Continuous variables are expressed as
ean SD. A comparison between the groups was performed
ith the Student t test or the Wilcoxon rank-sum test, as
ppropriate. A paired comparison was performed using the
tudent t test or the Wilcoxon signed rank test, as appropriate.
ll tests of significance were 2-tailed, and a p value0.05 was
onsidered as statistically significant.
esults
lectroanatomical mapping. Electroanatomical maps of
he LA and RA were created with 81  15 and 73  20
oints, respectively. High-density mapping was performed
t the borders between scar and low-voltage tissue, or
ow-voltage tissue and tissue with a voltage of 0.5 mV,
Figure 2 Propagation Map of the Left and Right Atrium During
Earliest activation is the high anterior left atrium, corresponding to the Bachmannhus 53% of points in the LA were acquired in low-voltage
issue. The volumes of the LA and RA geometries created
y Carto were 89  37 cm3 and 95  25 cm3, respectively,
nd their surface areas were 115  26 cm2 and 129  22
m2, respectively.
trial propagation during sinus rhythm. The median
trial cycle length was 930 ms (range 600 to 1,350 ms)
uring mapping in the RA. All but 1 patient showed the
arliest activity in the posterior RA along the crista termi-
alis, and 1 patient showed the earliest activity in the high
nterolateral RA. Unicentric pacemaker activity was ob-
erved in 12 patients (50%) (Fig. 1), and caudal shift of the
arliest activation (20 mm from the junction of the RA
nd SVC) was observed in 6 patients (25%).
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Effects of Stepwise Ablation of CAF March 27, 2007:1306–14Earliest activation in the LA was observed 36  18 ms
fter the onset of the P-wave at the high anterior LA in 24
atients (67%), corresponding to the insertion site of Bach-
ann bundle into the LA (Fig. 2). Three patients showed
imultaneous activation in the Bachmann bundle insertion
egion and LA septum. In the remaining 12 patients, the
ite of earliest activation was the LA septum; in 11 of these
2 patients, the Bachmann bundle insertion region showed
ow-voltage or scar (Fig. 3).
During sinus rhythm, the site of latest activation in the
A occurred at 181 65 ms (range 100 to 360 ms) after the
nset of the P-wave: at the LAA (16 patients, 44%),
osterior LA (10 patients, 28%), or lateral LA (10 patients,
8%). In 4 patients (11%), the latest activity in the LA
ccurred after the QRS complex (LAA 3 and posterior LA 1)
Fig. 3). In 78%, 11%, and 11% of patients, atrial activation
as complete before QRS, during QRS, and after QRS,
espectively.
In the LA, the earliest and latest activations occurred at
imilar times after the onset of the P-wave irrespective of
miodarone use (p  0.79, p  0.38, respectively).
oltage map. Mean bipolar voltages in the LA and RA
ere 0.60  0.33 mV and 1.60  0.69 mV (p  0.0001),
espectively (Fig. 4). Voltages in the LA and RA were
imilar between patients who were taking and not taking
miodarone at the time of the study (p  0.5, p  0.35,
espectively). All electroanatomical maps showed bipolar
lectrograms with voltages of 0.5 mV in the LAA (Figs.
Figure 3 Activation Map and Bipolar Voltage Map of the LA
During Sinus Rhythm in a Patient Who Underwent the
(A) Earliest activation is 30 ms after P-wave onset in the septum (red). Latest act
after P-wave onset. (B) Scar or low-voltage area is observed in the anterior LA and
duction abnormality. Purple represents bipolar voltages of 0.5 mV.to 6). wThe percentages of surface area accounted for by scar in
he LA and RA were 31  12% and 0  1% (p  0.0001),
espectively, and the percentages of surface area of low-
oltage tissue in the LA and RA were 32  17% and 7 
0% (p  0.0001), respectively. In all patients, the ablated
V region was accounted for by scar, representing 20  4%
f the total surface area of the LA (i.e., two-thirds of the
otal LA scar). Scar area outside the PV was 11  11%
range 0% to 45%) of the LA surface area. The distribution
f scar and low-voltage tissue in each region of the LA is
hown in Figure 6.
oltages in the Bachmann bundle region and atrial
onduction. Twenty-one patients (58%) had low-voltage
lectrograms or scar in the anterior LA, that is, the
achmann bundle insertion region. Although these patients
ad similar early onset of LA activation as the others (from
-wave onset: 37  19 ms [range 14 to 83 ms] vs. 35  17
s [range 14 to 70 ms], p  0.83), the time to completion
f activation in the LA was significantly prolonged (from
-wave onset: 203  64 ms [range 126 to 360 ms] vs. 152
57 ms [range 100 to 330 ms], p  0.003) (Fig. 3).
urface area of scar/low-voltage tissue and ablation
trategy. The percentages of surface area of scar and
ow-voltage tissue in the LA were compared between
atients who underwent the randomized ablation strategy
nd specific ablation strategy (Figs. 3 to 5, Table 2). The
ercentages of surface area of low-voltage tissue were similar
or both strategies (32  17% vs. 31  19%, p  0.87),
domized Ablation Strategy
is after QRS complex in the left atrial (LA) appendage (dark blue), at 325 ms
m. Tissue damage in these regions seems to be associated with intra-atrial con-Ran
ivation
septuhereas that of scar was lower (26  9% vs. 34  13%, p 
0
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March 27, 2007:1306–14 Effects of Stepwise Ablation of CAF.066) in patients undergoing the specific ablation strategy.
his difference was related to scar areas outside the PV
egion (6  8% [range 0% to 28%] vs. 14  12% [range 0%
o 45%], p  0.02) as a consequence of significantly shorter
adiofrequency durations in the specific ablation strategy
roup (81  22 min vs. 99  22 min, p  0.01).
ollow-up. Six patients (15%) underwent a repeat proce-
ure for clinically recurrent arrhythmias at a median of 7
onths (range 2 to 10 months) after the electroanatomical
apping. Mapping showed conduction recovery in 4 pa-
ients (right inferior PV 1, roof line 2, and mitral isthmus
ine 1) and a focal source in 2 patients (CS and RA). At 9
months of follow-up from the index procedure, 39
atients (98%) were in sinus rhythm (35 patients [88%]
ere without antiarrhythmic drugs), of whom 1 patient had
aroxysmal atrial arrhythmia. A single patient had persistent
T, and is awaiting a repeat procedure (Fig. 7).
chocardiograms. Transthoracic echocardiograms were
erformed during stable sinus rhythm at a mean of 4  3
onths after the electroanatomical mapping. Compared
ith echocardiography performed before the index proce-
ure (baseline), LV end-diastolic and end-systolic diameters
ecreased and LV ejection fraction increased without reach-
ng statistical significance (55  8 mm vs. 53  5 mm, p 
.11; 37  11 mm vs. 34  6 mm, p  0.2; 58  16% vs.
2  10%, p  0.2). The LA diameters decreased signifi-
Figure 4 Bipolar Voltage Map of Both Atria in an Anteroposteri
Posteroanterior Projection in a Patient Who Underwen
In the right atrium, there is no scar and 8% of low-voltage area. In contrast, scar is pre
44% of the left atrium surface area and low-voltage area is present at the roof, anterio
area (A and B). Note that bipolar voltages in the left atrial appendage are 0.5 mV. T
ablation.antly (parasternal: 46  8 mm vs. 41  8 mm, p  0.002; mongitudinal: 59  9 mm vs. 54  10 mm, p  0.001;
ransverse: 46  8 mm vs. 41  8 mm, p  0.03). In 11
atients (28%) with a baseline LV ejection fraction 45%,
V ejection fraction significantly increased from baseline
median 43% [range 15% to 45%] vs. median 62% [range
8% to 68%], p  0.02). The LV and LA dimensions after
lectroanatomical mapping were similar in patients irrespec-
ive of ablation strategy (LV end-diastolic diameter p 0.8,
V end-systolic diameter p  1.0, LA parasternal diameter
 0.9, LA longitudinal diameter p  0.8, LA transverse
iameter p  0.6).
All patients showed the presence of active late diastolic
itral flow with a mean peak velocity of 37 15 cm/s (Fig. 8).
he LA active emptying volume and the LA active empty-
ng and filling fraction was available in 22 patients and were
.3  10.3 ml/m2, 18  11%, and 15  9%, respectively.
hese variables were similar for both ablation strategies
Table 2).
iscussion
he present study describes the electrical and mechanical
onsequences of stepwise ablation of chronic AF. First, it
uantifies the extent of scar or low-voltage areas after the
rocedure. Second, it shows the recovery of LA contractile
unction in the 98% of patients in whom sinus rhythm was
ojection and a
ndomized Ablation Strategy
round the pulmonary veins at the posterior and inferior left atrium, accounting for
trium, septum, and inferior left atrium, accounting for 39% of the left atrium surface
tient showed late diastolic mitral flow of 30 cm/s at 3 months after catheteror Pr
t Ra
sent a
r left a
his paaintained.
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Effects of Stepwise Ablation of CAF March 27, 2007:1306–14valuation of scar and low-voltage areas. Pulmonary vein
solation accounted for two-thirds of the total LA scar
urden after ablation. Ablation in all other atrial regions
iming to achieve local organization and slowing of fibril-
ation cycle length was associated with a relative preserva-
ion of atrial voltages and propagation.
Although the presence of spontaneous scar in patients
ith AF is known (13), the extent of pre-existing scar or
ow-voltage areas was not investigated in the present study.
trial bipolar voltage mapping after an ablation procedure
stimates the viability of atrial tissue (14,15), but cannot
istinguish between spontaneous and iatrogenic scar/low-
oltage tissue. The extent of tissue damaged by ablation
herefore may be smaller than that measured as scar or
Figure 5 Bipolar Voltage Map of the LA in a Patient Who Unde
(A) Anteroposterior projection; (B) posteroanterior projection. Scar tissue is limite
surface areas. Low-voltage tissue is present in the anterior LA and LA roof, accoun
Figure 6 Incidence of Low-Voltage and
Scar Tissue in the Left Atrium
LAA  left atrial appendage.cow-voltage tissue in the present study. From a clinical
erspective, the distinction between spontaneous and iatro-
enic scar is unlikely to be relevant, however, because both
re likely to have similar electrical and mechanical conse-
uences for atrial function.
Currently, many investigators target the posterior LA in
ddition to the PV and mitral isthmus linear lesion in
urgical or ablative procedures for AF (2,16,17). The ablated
reas using this approach account for 30% to 40% of the LA
urface area (11). In the present study, the surface area of
car is comparable, but the distribution of lesions outside the
V is different. In one-third of patients undergoing stepwise
blation, an absence of scar or low-voltage tissue was shown
n the posterior LA (Fig. 6). Instead, reduction of bipolar
oltages was observed in the other regions such as the
nterior LA or inferior LA, which are important regions in
erpetuation of AF and thus may be targeted provided that
F termination is the desired procedural end point (7,8).
A contraction. Recovery of atrial mechanical function is
major goal in the treatment of AF. Extensive catheter
blation of atrial tissue replaces myocardium with scar and
rolongs intra-atrial conduction, thereby potentially com-
romising atrial mechanical performance. This is supported
y the loss of LA contraction in 13% to 39% of patients who
nderwent the maze procedure despite remaining in sinus
hythm (18–21). This is in marked contrast to the present
tudy, in which all patients in whom sinus rhythm was
aintained after ablation showed recovery of LA
the Specific Ablation Strategy
e pulmonary vein region, accounting for 17% of the left atrial (LA)
r 5% of the LA surface areas. Purple represents bipolar voltages of 0.5 mV.rwent
d in th
ting foontraction.
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March 27, 2007:1306–14 Effects of Stepwise Ablation of CAFIn the surgical treatment of AF, preservation of the LAA
mproves atrial contraction compared with the maze proce-
ure in which the LAA is removed (22). Isobe et al. (20)
howed that all patients had the presence of LA contraction
fter the surgical procedure in which both atrial appendages
ere preserved, whereas 27.5% of patients showed loss of
A contraction after the maze III procedure in which both
ppendages are removed. The ablation strategy in the
resent study avoids electrical disconnection of the LAA,
nd the resultant preserved bipolar voltages within the LAA
ay contribute to the restoration of LA contraction after
blation in a fashion analogous to LAA preservation during
urgery.
A prior report has shown that preoperative LV ejection
raction and LA diameter are predictors of the presence of
Figure 7 Clinical Outcome of the Studied Patients
AF  atrial fibrillation; AT  atrial tachycardia; pt  patient.
ariables of Patients Who Underwent Randomized Ablation Strateg
Table 2 Variables of Patients Who Underwent Randomized Abla
Patients Who Unde
Ablation Strat
Age (yrs) 54 9
Duration of AF (months) 69 (7–2
Duration of persistent AF (months) 12 (1–1
LVEF before the index procedure (%) 59 18
LA dimension before the index procedure (mm)
Parasternal 46 6
Longitudinal 59 10
Transverse 45 8
Total RF duration (min) 99 22
Heart rate (beats/min) 71 18
LA bipolar voltage (mV) 0.56 0.2
LA scar areas (%) 34 13
PV region scar areas (%) 20 4
Outside the PV scar areas (%) 14 12
LA low-voltage areas (%) 32 17
Latest activation time in the LA from P-wave (ms) 189 70
Late diastolic mitral velocity (cm/s) 34 14
LA emptying volume (ml/m2) 5.0 (0.0
LA emptying fraction (%) 18 13
LA filling fraction (%) 13 9
he duration of AF and persistent AF and the LA emptying volume are expressed as median, min
PV  pulmonary vein; RF  radiofrequency; other abbreviations as in Table 1.trial contraction after the maze procedure (19), suggesting
hat an underlying atrial pathology is one factor associated
ith LA contraction. Although patients with a low ejection
raction or LA dilatation were included in the present study,
ecovery of LA contraction was observed in all patients in
inus rhythm.
Few data are available about echocardiographic evalua-
ion of LA mechanical function after catheter ablation of
hronic AF. A previous report in which PV isolation and
inear lesions (roof line and mitral isthmus line) were
Figure 8 Doppler Tracing at the Mitral Valve Inflow
Late diastolic mitral flow is shown.
Specific Ablation Strategy
Strategy and Specific Ablation Strategy
Randomized
 25)
Patients Who Underwent Specific
Ablation Strategy (n  15) p Value
54 9 1.0
72 (24–360) 0.3
12 (1–30) 0.9
56 13 0.6
47 11 0.8
60 7 0.8
47 6 0.6
81 22 0.01
68 15 0.7
0.66 0.43 0.3
26 9 0.066
20 4 0.6
) 6 8 (0–28) 0.02
31 19 0.9
170 57 0.4
41 17 0.2
7.0 (3.0–11.0) 0.2
18 8 0.9
17 8 0.4
nd maximum.y and
tion
rwent
egy (n
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Effects of Stepwise Ablation of CAF March 27, 2007:1306–14erformed showed that LA active emptying volume and
mptying fraction (4.7  2.14 ml/m2, 21.8  11%, respec-
ively) were comparable with those in the present study (3),
espite the fact that less atrial tissue was targeted.
Although recovery of LA contraction was shown in all
atients in whom sinus rhythm was maintained after step-
ise ablation, extensive atrial scar may be associated with
uboptimal LA mechanical function, and the long-term
ffects on LA contraction and endothelial function are
nknown. It is likely that the smaller the surface area
ccupied by scar tissue, the greater the likely benefit for
trial contractile function.
The presence of scar/low-voltage tissue in the LA,
specially in the Bachmann bundle insertion, was associated
ith prolongation of LA conduction times. Intra-LA con-
uction disturbance results in asynchronized contraction of
he LA, possibly attenuating atrial contractile performances.
urthermore, in patients in whom the latest activity in the
A occurred after the QRS, LA contribution to LV filling
s smaller because of closure of the mitral valve before
ompletion of LA contraction. Further refinement of tech-
iques to identify sites crucial for maintenance of AF or
ubsequent AT on an individual basis is therefore necessary
o minimize the extent of LA injury and to maximize the
echanical benefit of catheter ablation therapy for AF.
onclusions. Stepwise ablation of chronic AF is associated
ith maintenance of sinus rhythm and recovery of LA
unction despite significant scarring in the LA.
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